Certain dental plaques, removed from sites of gingival and periodontal pathology in mentally retarded, institutionalized individuals, when incubated in phosphate buffer with Achilles tendon collagen, gave rise to an increase in ninhydrin-positive material. These plaques, while showing great variability, released significantly more ninhydrin-positive material per milligram of plaque (wet weight) than did either the endogenous or heat-treated controls. Certain plaques could also break down soluble, tritiated, labeled collagen isolated from the calvaria of chicken embryos. Bacteroides melaninogenicus and Clostridia histolyticum were found in plaques by either fluorescent antibody or cultural methods. C. histolyticum, when detected, accounted for about 0.01 to 0.1% of the bacteria in plaque. A conspicuous isolate from some plaques was a Bacillus species which rapidly liquefied gelatin. Cell-free supernatants of this organism were able to degrade about 50 to 70% of the soluble collagen when incubated at 36 C. C. histolyticum ATCC 8034 caused an 80% degradation of the collagen under the same conditions of incubation. The Bacillus strains were facultative, could ferment glucose, reduced nitrate to nitrite, and were catalase, indole, and urease negative. The limited taxonomic information for the isolates is compatible with the description given for Bacillus cereus.
Periodontal disease is a chronic inflammatory process which results in the loss of the collagen fibers which anchor the tooth to the alveolar bone. Dental plaque bacteria are involved in this tissue destruction. The bacteria do not appear to invade the tissue but rather elaborate a variety of products which are tissue irritants and/or antigens which attract inflammatory cells to the gingival sites (18, 27) . The inflammatory response is thought to release collagenase and other enzymes from granulocytes (4, 10) , which results in a net loss of tooth-supporting tissue. It is not known whether the inflammatory response is due to the increased bulk of the plaque bacteria, or whether it is due to the colonization of the plaque by an organism(s) which is more antigenic, or produces more irritant or more plaque matrix per unit cell. An association between plaque mass and either periodontal disease (28) or gingivitis (12) can be demonstrated. Collagenolytic organisms have been sought for in dental plaque. Plaque removed from patients with periodontal disease can degrade collagen paper (24) , Azocoll (17) , and reconstituted collagen (21) . The collagenase-producing organisms in these studies were never identified. Subsequently, Gibbons and MacDonald (5) demonstrated that Bacteroides melaninogenicus, which comprises about 5% of the cultivable flora from periodontal plaque (6, 15) , possesses a collagenase capable of degrading undenatured collagen.
Periodontally associated plaque removed from the tooth surfaces of institutionalized mentally retarded individuals was recently shown to contain Clostridium histolyticum and B. melaninogenicus (15) . The present investigation was initiated to determine whether this plaque would exhibit collagenase activity against undenatured collagen. In the course of the investigation, a facultative Bacillus species, which was isolated from high dilutions of certain plaques, was found to exhibit collagenase activity. The experiments which describe the isolation and identification of this organism and which demonstrate its collagenase activity are described.
330 LOESCHE School, Northville, Mich. Buccal or labial plaque was removed from the cervical area of the teeth whose gingival margin exhibited gingivitis or periodontitis. The degree of the gingivitis was estimated by a modification of the Loe index (11) . The plaque was weighed immediately and then, depending upon the experiment, was added to (i) 10 ml of a reduced transport fluid (RTF) (14, 29) for the culturing experiments, (ii) 5 ml of 0.067 M phosphate buffer containing 0.45% NaCl (pH 7.4) for the collagenase assay using insoluble collagen (20) (9) . After growth occurred, the acid end products, both free and methylated derivatives, were determined by gas liquid chromatographic procedures (9, 13) . These procedures had been used previously to speciate bacteria isolated from plaque (15, 16 milligram of wet weight than either the endogenous or heat-treated controls, i.e., P < 0.01 (student t test) ( Table 1) . The experiments were interpreted as showing that plaque suspensions were capable of releasing small amounts of ninhydrin-positive material from insoluble collagen. Smears from several plaques were stained with FA conjugates against C. histolyticum, C. perfringens and the B. melaninogenicus strains. All six subjects had either C. histolyticum or B. melaninogenicus in their plaque and three subjects had both species (Table 2) . Only the oral isolate of B. melaninogenicus stained the plaque cells, whereas the fecal strains were not detected. Five of these plaques released ninhydrin-positive compounds from the collagen after correction for endogenous catabolism ( Table 2) . Three of five ninhydrin-positive plaques released variable amounts of hydroxyproline into the buffer. The ability of certain plaque suspensions to degrade collagen was also tested using a soluble 3H-labeled collagen (23) . This collagen was degraded by the crude collagenase obtained from C. histolyticum, but was resistant to hydrolysis by trypsin, pepsin, and heat-inactivated plaque (Table 3) . Plaques were removed from periodontally involved sites on several occasions. The data from two such series are shown in Table 3 . In series 1, all five samples caused a reduction in counts when compared to the collagen blank, and the values ranged from 535 to 3,699 counts per min per mg of plaque 199, only lactate and acetate were formed. Motile cells were common in overnight growth, but rare in older cultures. Occasionally a spore was noted in the cells. Four representative strains were inoculated into thioglycolate broth with 0.5% glucose and then the broth was heated in a water bath at 100 C for 10, 30, and 60 min. All cultures heat treated for 10 and 30 min and three of four treated for 60 min grew upon subsequent incubation at 37 C. All strains were able to reduce nitrate to nitrite, did not ferment mannitol, possessed a catalase, lacked a urease, and were indole negative. Upon microscope examination, they appeared as thick, granular rods with blunt ends, sometimes in chains, which were about 0.8 to 1.2 Am thick and 3 to 6 jAm long. Colonial growth on aerobically incubated MM10 sucrose agar consisted of gray-white to cream, soft, moist, swarming colonies which exhibited a beta hemolysis. After several days at room temperature the older growth would acquire a tan pigmentation which contrasted with the gray-white color of the spreading margins. 
DISCUSSION
Dental plaque removed from sites of gingival and periodontal pathology in mentally retarded institutionalized individuals contained at least three distinct microbial species which appear capable of degrading undenatured collagen. B. melaninogenicus and C. histolyticum were previously found by cultural procedures (15) and in this investigation were demonstrated by FA techniques to be present in certain plaques. However, these two organisms were present in low numbers or not detected in plaques which exhibited an ability to degrade soluble collagen. Cultural studies revealed that these plaques contained a motile, sporulating, gram-positive, facultative rod. This organism appeared to produce a soluble collagenase and because of its presence in high numbers in the plaque would seem to be responsible for the collagenolytic activity of the plaque. The precise identity of this organism is not known, but, as an aerobic sporeformer, it most likely is a Bacillus species. Bacillus species are not thought to possess a collagenase (26) . However, B. cereus and B. anthracis will degrade the collagen in decalcified bone (3), and Weinberg and Randin (30) reported that an aerobe B. anthracoides, i.e., the pseudoanthrax bacillus (31), would digest small pieces of fresh Achilles tendon. MacLennan et al. (19) (31) . Additional studies will be necessary to determine exact taxonomic status and to reexamine the question as to whether known B. cereus isolates contain a collagenase.
The isolation of collagenase-producing organisms from plaque does not mean that collagenase is produced in vivo. This would require the demonstration of collagenase in plaque incubated with collagen under conditions of no growth, i.e., a resting cell suspension where there are no exogenous nutrients. In the present experiments, resting cell suspensions of certain plaque samples consistently released significantly more ninhydrin-positive material from insoluble collagen than did endogenous or heat-treated controls. However, there were always some plaques which failed to do so.
The measurement of collagen degradation by an increase in ninhydrin-positive material has the complication that the plaque organisms could metabolize the released peptides or amino acids, including hydroxyproline (21) . This phenomenon could account for the absence of hydroxyproline in some samples in which collagen degradation occurred ( Table 2 ). The overall breakdown of the insoluble collagen as judged by the ninhydrin method was only 0.5 to 1% after 48 h of incubation. This amount of ninhydrin-positive material was comparable to the amount released from the collagen by 100 Ag of trypsin (Table 1 ). This could mean that the plaques either contained the proteolytic equivalents of 100 ,g of trypsin per 2.7 mg (wet weight) or much smaller amounts of an enzyme which had collagenolytic activity. The latter possibility was thought to be more probable. Plaque is a complex mixture of bacteria, glycoproteins, polysaccharides, inorganic salts, and 80% water (8, 14) . Nitrogen accounts for about 10% of the dry weight (14) . 11 x 108 bacteria found in 1 mg of plaque dry weight (14) and by the salivary glycoproteins which form the plaque matrix. Any enzymes present in the plaque would make a minimal contribution to the total protein content and certainly would not amount to about 100 jig of trypsin-like proteolytic activity.
Thus the data from the incubation of plaque with insoluble collagen seemed to indicate a very low content of collagenase activity in some of the plaque samples. Therefore, a more sensitive assay using a soluble 3H-labeled collagen was employed. This showed that 10 of 15 plaque samples were capable of hydrolyzing this substrate to a varying degree, i.e., 4 to 36%. The results of the collagenase assay with both insoluble and soluble collagen demonstrate that plaque removed from some institutionalized subjects possessed collagenolytic activity.
Mentally retarded institutionalized individuals develop periodontal disease at an early age (15) . This situation is generally attributed to the inability of these individuals to brush their own teeth. Cutress, in a comprehensive study (2) , compared oral hygiene and other parameters in institutionalized and noninstitutionalized mentally retarded subjects. He interpreted his data as indicating that unknown environmental factor(s) played an important role in the severity of the disease in the institutionalized population. One possible environmental factor could be the colonization of the dental plaque by an organism(s) with pathogenic potential for the gingival and periodontal tissues. Organisms capable of producing collagenase have been suspected of being of etiologic significance in periodontal disease (5, 18) . However, with the exception of B. melaninogenicus, these organisms have not been isolated from dental plaque. Thus the demonstration of C. histolyticum, the Bacillus sp., and B. melaninogenicus in plaques removed from periodontally involved teeth offers the possibility that these collagenase-producing organisms may be contributing to this disease. Also some attention should be given to determine whether the Bacillus sp. as well as C. histolyticum are found only in dental plaques of individuals resident at the Plymouth State Home and Training School or if they have a wider oral distribution, particularly in individuals with access to soil and fecal contamination. In this regard, C. histolyticum collagenase has been demonstrated by FA methods in the plaque of Guatemalan Maya Indians (R. Morhart, personal communication) whose clinical periodontal conditions resemble that of the institutionalized mentally retarded.
